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摘  要 
I 





第一，对采用 MEMS 技术的 Rb-87 吸收泡进行研究设计。首先，在量子物理模型
的基础上，推导出吸收泡出射光强与入射光强的关系式。接着，运用经典振子理论，
证明 Rb 灯光谱的形状为 Lorentzian 线形。 后，运用 Lorentzian 线形函数对吸收泡出
射光强与入射光强的关系式进行修正，分析关系式中跃迁系数、频移、谱线宽度、原
子浓度等参数的影响。结果表明：当吸收泡中选择的惰性气体为 Kr 和 N2 且体积比约
为 1:1，惰性气体压强为 50Torr，Rb-87 为 1.736×10-13mol，吸收泡厚度为 0.9mm 时，
可得到一个高探测灵敏度和高吸收率的微型吸收泡。 
第二，对激励线圈进行设计、制造和分析。首先，使用三种简化的电感计算公式
（Wheeler 公式，电流近似公式，数值拟合公式）对电感 Q 值进行计算，并将计算的
结果与基于单 π 集总参数模型的简化物理模型所计算出的 Q 值进行比较。得到了这三
种公式所适用的工作频率、器件结构参数。接着，通过 HFSS 建模和仿真计算，得到
了所设计的 MEMS 激励电感的相关结构参数，基于这些参数完成了 MEMS 电感的工
艺制造，制造过程主要包括光刻，显影，溅射，剥离，微电镀，超声压焊，PDMS 封
装等。 后，对封装的电感进行测试分析得到结论如下：Q 值在 高点时频率为


















Rubidium atomic clock which is also called atomic frequency standard plays an 
important role in various applications and it attracts a lot of attention. Traditional atomic 
clock has the disadvantages of large size and high poer consuption. Many researchers focus 
on the miniaturization and reduction of power consumption of atomic clock and it is also the 
target of this thesis. In this thesis, the physical structure, especially the absorbing cell and 
exciting coil of micro atomic clock is designed and analyzed. 
Firstly, the MEMS Rb-87 absorbing cell is designed and analyzed. The relational 
expression between the emitted light intensity and incident light intensity is derived based on 
quantum physics model. Then, the spectrum shape of the Rb lamp is proved to be Lorentzian 
shape accroding to the classical theory of vibrator. With the help of Lorentzian shape 
functions, the relational expression between the intensity of the emitted light and the incident 
light is amended and the influences of transition coefficient, frequency shifs and spectrum 
line width to the calculation results are analyzed. The results indicate that a micro-absorbing 
cell with high detecting sensitivity and high absorption rate can be achieved when the 
parameters are chosen as follows: the inert gases in the absorbing cell are Kr and N2 and 
their volume proportion is about 1:1, the pressure of inert gas is 65 Torr ，the thickness of 
the absorbing cell is 0.9mm and the quantity of Rb-87 is 1.736×10-13mol. 
Secondly, the exciting coil are designed, fabricated and analyzed. Q value is calculated 
using three simplified formula of the inductance(Wheeler’s formula, approximate formula of 
current, fitting formula of  numerical value). The results are compared with the Q value 
calculated by simplified physical model of single π to get the applicable scope of operating 
frequency and structure parameters of the three formulae. Then, the structure parameters of 
the designed MEMS exciting inductance are obtained by HFSS simulation and calculation. 
And based on these parameters, the inductances are fabricated using MEMS technology and 
the fabrication processes include photoetching, developing, sputterring, stripping, 
micro-plating, ultrasonic bonding, packaged by PDMS and so on. At last, the packaged 
inductances are tested and analyzed. It can be shown that Q value reaches its maximum 















3.417GHz. The Q value is 0.628 when the frequency is 3.308GHz. 
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第一章   绪论 





















在 1955，埃森（L. Essen）和帕利（J. V. L. Parry）在英国皇家物理实验室研制成功世
界上第一台铯原子钟。1967年，在第十三届国际计量大会上，定义一秒为无干扰的133Cs
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外界频率，使之被锁定在原子跃迁频率附近。图 1.1 为非自激型原子钟的结构方框图。 
 
 































图 1.2 自激型原子钟的结构方框图 
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